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Two-Dimensional Echocardiographic Assessment of Complications
Involving the Ionescu-Shiley Pericardial Valve in the Mitral Position
LUIS G. SOLANA , MD, LEONARD W. PECHACEK, ROMS, CARLOS M. DeCASTRO, MD, FACC ,
TOMAS KLIMA , MD, FACC , DENTON A. COOLEY, MD, FACC
Houston, Texas
The function of the Ionescu-Shiley bovine pericardial
xenograft in the mitral position was investigated in 70
patients by two-dimensional echocardiography. Echo-
cardiographic data from 21 pati ents with suspected bio-
prosthetic dysfunction and 49 patients with normal clin-
ical findings were anal yzed in a double-blind fashion.
Confirmation of cardiovascular sta tus was obtained by
means of cardiac catheterization, surgery, autopsy or
other techniques in 19 of the 21 symptomatic patients.
Two-dimensional echocardiograph y correctly evaluat ed
hioprosthetic function in 98% of the patient s. Six of the
Several institutions reported extensive experience with use
of the Ionescu-Shiley bovine pericardial xenogra ft for mitral
valve replacement (1- 5). Clinica l and hemodynam ic results
have been favorable , indicating a low incidence of throm-
boemb olism and low transvalvular pressure gradients.
Nevertheless, complications of this bioprosthesis have oc-
curred occasionally (5-7) . Unfortun ately , clinical differ-
entiation between prosthetic valve dysfunction and nonval-
vular complications may be difficult, frequently necessitating
cardiac catheterization. A noninvasive technique that would
perm it an accurate evaluati on of biopros thetic valve function
would be of obvious value in such instances . Recent in-
vestigations (6-9) have indicated that two-dimensional
echocardiography is useful in evaluating the status of por-
cine bioprosthe ses. Equivalent echocardiograph ic assess-
ment of the bovine pericardial xenograft has thus far been
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seven patients with proven xenograft dysfunction dem-
onstrated echocardiographic evidence of malfunction.
There was one false negati ve evaluation but no false
positive results. Valve dysfunction included endocarditic
mass lesions, mitral regurgitation resulting from dehis-
cence of a leaflet or the sewing r ing or mitral stenosis
due to calcification or malposition of the valve.
This experience indicates that two-dimensional echo-
cardiography is useful for assessing the Ionescu-Shiley
mitral bioprosthesis , particularly in those patients who
develop nonspecific symptoms.
limited either to normally functio ning valves ( 10, II ) or
isolated cases of dysfunction (6) .
We report the analys is of two-dime nsional echocardio-
graphic data collected ove r a 3 year period from a large
series of patients with an Ionescu-Shiley pericardial valve
in the mitral position. The purpose of our investigation was
to examine the clinical utility of this technique for evaluating
mitral bioprosthetic function. with particular reference to
those patients developing clin ical deterioration after valve
replacement.
Methods
Study group. The patients studied were 70 consecutive
patients with an Ionescu-Sh iley biopro sthesis in the mitral
position who were referred to our laboratory for two-di-
mensional echoc ardiography between July 1979 and July
1982. There were 33 men and 37 women whose average
age was 56 years (range 15 to 78). The average interva l
between valve replacemen t and the echocardiographic study
was 264 days (range 5 days to 43 months). Echocardi-
ography was performed in 2 1 patients (Group A) to rule out
the possibility of bioprosthetic dysfunctio n. All 2 1 patients
manifested either one or a combination of abnormal clinica l
findings consistent with valvular dysfunction includ ing
congestive heart failure of unknown origin. possible infec-
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tious endocarditis, recent history of cerebro vascular deficit,
hemolytic anemia or a murmur of mitral regurgitation (Table
1).
An additional 49 patients (Group B) who had no clinical
evidence of prosthetic malfunction also had echocardio-
grams performed . These patients were referred in order to
obtain baseline recordings of their xenograft, assess bio-
prosthetic function during routine follow-up visits or rule
out suspected pericardial effusion during the early postop-
erative period.
Echographic methods anddata analysis. Two-d imen-
sional echocardiographic studies were performed with a wide
angle, phased array system (Diasonics V3400R or Toshiba
SSH-IOA), equipped with a transducer having 32 elements
and operating at frequencies of 2.25, 2.4 or 3.5 MHz. Echo-
cardiographic images of the bioprosthesis were obtained
using previously described techniques (10 ). The transducer
was aligned so that images of the stents, sewing ring and
leaflets of the bioprosthesis could be recorded in parasternal
long- and short-axis and apical or subcostal four chamber
views (Fig. I). Because the titanium frame of the Ionescu-
Shiley valve is a strong reflector of ultrasound, multiple
receiver gain settings were used during studies . Relatively
low gain settings were employed to optimize images of the
sewing ring and stents while higher settings were used for
analysis of the intrastent leaflets and adjacent cardiac tissue .
Echocardiographic data were permanently recorded on Y4
inch ( 1.9 ern) videotape for subsequent playback analysis
at variable speeds including frame by frame display .
Analyses of the two-dim ensional echocardiograms were
performed in a double-blind fashion and without knowledge
of any confirmatory data. Echocardiographic assessment of
bioprosthetic function was based on criteria previously de-
rived in our laboratory from patients with a normally func-
Table I. Data on 21 Symptomatic Patients With Clinical Findings Consistent With Malfunction of lonescu-Shiley
Pericardial Xenograft
Xenograft
Months Clinical Function Confi rmatory
Case Postop Diagnosis by :1DE Procedure Confi matory Data
I 8 CHF N Cath Normal xenograft function
2 14 HA. MR XL prolapse Surg/Path Dehisced XL
3 9 CHF N Cath Normal xenograft function
4 7 HA Malposition Cath/SurgrPath Malpositioned xenograft . stent
impinged on septum
5 I CHF N(PE) Surg Pericardial tamponade
6 9 CHF N (LYD) Cath LYdysfunction
7 3 IE Mass BCiSurg/Path Xenograft vegetations;
positive BC (Serratia)
8 8 CHF N Autopsy Normal xenograft; lung CA
9 8 CHF Thick XL Cath/Surg/Path Xenograft calcification
10 36 CHF N Cath Normal xenograft function
II 47 CHF. MR XL prolapse Cath/Surg/Path Dehisced XL
12 5 IE Mass BClSurg/Path Xenograft vegetations and thrombus;
positive BC (Staphylococcus)
13 13 CHF N(LVD) Cath/LVPS LYdysfunction
14 47 CHF N Cath Perivalvular leak
15 15 CYD N "- Carot id bruits,
16 18 IE N BCt Bactermia: positive BC
(Staphylococcus)
17* CHF N(LVD) LYPS LVdysfunction
18* IE N BClX-ray Pneunomia, renal failure
(negative BC)
19* :1 CHF N Hematology Familial eosinophilia
20* 16 CYD N CT scan Subdu ral hematoma
21* 8 CYD N CT scan/ Plaques- right carotid
carotid artery
ang lo
*Patients underwent indirect confi rmatory methods. rUnable to confirm bioprosthesis function (2 patients).
Angio = angiogram; BC = blood cultures; CA = carcinoma; cath = cardiac catheterization; CHF = congestive heart failure; CT = computed
tomography; CVD = cerebrovascular deficiency; HA = hemolytic anemia; IE = infectious endocarditis; LVD = left ventricular dysfunction; LVPS
= radionuclide left ventricular performance study; MR = mitral regurgitation; N = normal xenograft function; Path = pathologic examination; PE =
pericardial effusion; Surg = cardiovascular surgery; XL = xenograft leaflet; 2 DE = two-dimensional echocardiography.
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thetic valves, we calculated sensitivity, specificity and over-
all predictive value.
Definitions of terms used in this study:
The mean duration of implantation for the symptomatic
patients with a normal valve and those with valvular dys-
function was compared using Student's t test for unpaired
samples.
Confirmatory studies. The cardiovascular status of 19
of the 21 patients from Group A (possible bioprosthetic
dysfunction) was confirmed either by surgery or autopsy
with pathologic examination of the bioprosthesis, or by one
or more diagnostic procedures determined by the clinical
presentation. These included cardiac catheterization and an-
giography, radionuclide ventriculography, blood cultures,
computed axial tomography or carotid angiography (Table
I). The 49 patients inGroup B who had normal bioprosthetic
function determined by clinical examination did not undergo
additional confirmatory procedures.
True positives + False negatives
True negatives
True negatives + False positives'
= True positives + True negatives
All patients
= Patients with valve dysfunction and
abnormal echocardiogram.
= Patients with a normal valve and nor-
mal echocardiogram.
= Patients with it normal valve and ab-
normal echocardiogram.
= Patients with valve dysfunction and
normal echocardiogram.
True positives
False negative
False positive
Overall predictive
accuracy
Sensitivity
True negative
Specificity
True positive
Results
Confirmatory studies in Group A. Complications of
the Ionescu-Shiley valve were confirmed in 7 (33%) of the
21 patients who presented with abnormal clinical findings
(Table I). Three patients had mitral regurgitation caused by
either a perivalvular leak or leaflet dehiscence from the
sewing ring. Two patients with endocarditis had vegetative
lesionson the bioprosthesis. Severe mitral stenosis was pres-
ent in two patients as a result of calcification of the peri-
cardial leaflets in one case and malposition of the valve in
another.
In 12 of the remaining 14 patients in this group either
normal xenograft function was documented by cardiac cath-
eterization or autopsy examination or a nonvalvular cause
of their symptoms was identified(Table I). One patient who
did not undergo confirmatory procedures had experienced
Figure 1. Two-dimensional echocardiograms of the normal 10-
nescu-Shiley mitral valve recorded from multiple imaging planes.
Long-axis parasternal frames demonstrate an anteriorly positioned
leaflet (arrow) that projects into the left ventricular outflow tract
during diastole (A) followed bysystolic retraction within thesew-
ing ring (B). Two stents (S) are also imaged. (C) Apical four
chamber image recorded during diastole showing one of the peri-
cardialleaflets (arrow) bordered by two stents (S) and the sewing
ring (SR). Ao = aorta; LA = left atrium; LV = left ventricle;
RA = right atrium; RV = right ventricle. (Reprinted from Pe-
chacek LW, et al. [11], by permission of Texas Heart Institute
Journal.)
tioning Ionescu-Shiley valve (l0). The specific variables
examined were the configuration and motion of the stents,
sewing ring and pericardialleaflets, thickness of the leaflets
(leaflets exceeding 4 mm in thickness were considered ab-
normal) and the presence or absence of atypical echoes
within the vicinity of the bioprosthesis.
Statistical methods. To assess the diagnostic utility of
echocardiography for evaluating the function of biopros-
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a transient episode of expressive aphasia 20 days before his
evaluation. The patient had long-standing atrial fibrillation
and had discontinued his anticoagulant therapy during the
previous 12 months. He was asymptomatic at the time of
admission and neurologic examination was normal. Except
for the presence of bilateral carotid bruits and left atrial
enlargement, his cardiovascular status was unremarkable .
Anotherpatientpresented with fever and evidenceof throm-
bophlebitis of the left arm and was found to have bacteremia
(Streptococcus aureus). Although his cardiovascular status
remained unremarkable and there was no clinical evidence
of prosthetic dysfunction during his successful course of
antibiotic therapy, the possibility of associated prosthetic
valve endocarditis could not be ruled out.
Echocardiographic correlation. Technically adequate
two-dimensional echocardiograms of the mitral biopros-
thesis were obtained in all 70 patients. Recordings of the
bioprosthesis were obtained using multiple transducer po-
sitions (parasternal , apical, subcostal) in 59 patients: only
a single imaging position could be utilized in II patients.
There was no disagreement between the two observers
about the echocardiographic classification of bioprosthetic
function. Echocardiography demonstrated normal motion
and configuration of the xenograft valve in all 49 patients
whose valve function was considered normal at the time of
referral (Group B). Of the 21patientswith abnormal clinical
findings (Group A), 6 of the 7 patients with confi rmed
xenograft dysfunction were correctly identified by echo-
cardiography (Table I). No echocardiographic abnormali-
ties were noted in the seventh patient with perivalvular re-
gurgitation (false negative result). Two-dimensional
echocardiography provided a correct evaluation of the bio-
prosthesis in the 12 patients whose symptoms were attrib-
uted to nonvalvular complications. The patient who had
apparently sustained a cerebral embolus and in whom the
origin of the embolus was not confi rmed also had normal
bioprosthetic function determined by echocardiography. as
did the patient with bacteremia. Thus, among the 49 patients
from Group 8 and the 19 patients from Group A with con-
firmatory studies, the overall predictive accuracy of two-
dimensional echocardiography was 98.5%; the sensitivity
was 98% and specificity 100%. There was no significant
difference in the durationof valve implantation between the
7 symptomatic patients with documented valvular dysfunc-
tion and the 12 symptomatic patients with confi rmation of
a normally functioning valve (Table I).
Specific echocardiographic abnormalities. Two-di-
mensional echocardiography demonstrated systolic prolapse
of one of the intrastent leaflets into the left atrium in both
patients with leaflet dehiscence (Fig. 2). Both patients with
bacterial endocarditis had echocardiographic evidence of
mass lesions attached to the bioprosthesis (Fig. 3). Prom-
inentthickening (greaterthan 4 mm) and decreased mobility
Figure 2. Long-axis parasternal image from a patient with leaflet
dehiscence (Case 2). Prolapse of the torn leaflet (ar rows) into the
left atrium (LA) is demonstrated during systole. S = stcnt.
of the leaflets were noted in the patient with severe calci-
fication of the xenograft (Fig. 4). In another patient, echo-
cardiography showed malposition of the bioprosthesis with
apparent impingement of one of the stents on the ventricular
septum (Fig. 5); bothobservations were confirmed at surgery.
Figure 3. Apical four chamber view from a patient with infectious
endocarditis (Case 12) showing a large mass (V) obstructing the
orifice of the bioprosthesis. A pedunculated portion of the mass
(arrow) is imaged within the left ventricle (LV).
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Figure 4. Echocardiographic frames of parasternal long-axis (A)
and apical four chamber (B) views recorded from the patient with
calcification of the bioprosthcsis (Case 9). Both the leaflets (ar-
rows) and stents (S) appear markedly thickened despite the use of
low receiver gain settings.
Discussion
Our study confirms previous observations (8,9) of the
clinical value of two-dimensional echocardiography for
identifying complications of mitral valve bioprostheses. Al-
though our success rate for predicting bioprosthetic valvular
function was quite high, further studies involving a larger
group of patients with such malfunction are necessary to
establish the overall clinical usefulness of this technique.
Furthermore, awareness of a number of critical technical
factors is necessary for achieving an acceptable degree of
accuracy.
Echocardiographic detection of tissue alterations.
Mass lesions involving bioprosthetic valves are more readily
detected by two-dimensional echocardiography than are
masses attached to mechanical prostheses (12, 13). This is
probably due to the fact that xenograft valves tend to produce
considerably fewer artifacts, particularly reverberations, than
Figure 5. Apical four chamberimageobtainedfrom a patient with
a malpositioned bioprosthesis (Case 4). The angle of the stents (S)
in relation to the left ventricle (LY) is atypical, and the medial
stent appears to impinge on the muscular portion of the interven-
tricular septum (lYS).
do metallic prostheses (14,15). Improper receiver gain set-
tings, however, can result in artifactual thickening of echoes
from a bioprosthesis that may simulate abnormal function
(9,10). Off-axis structures and side lobe artifacts may also
lead to an erroneous diagnosis of a mass lesion (12). Ob-
viously, masses that are smaller than the resolution capa-
bilities of the ultrasonic instrument (usually less than I to
2 mm in diameter) will not be identified. Although two-
dimensional echocardiography is quite sensitive in detecting
tissue alterations of bioprosthetic valves, it is frequently
difficult to differentiate among endocarditic vegetations,
thrombus formation, localized calcification and extraneous
fibrotic tissue (9).
Leaflet dehiscence. Although rupture or dehiscence of
one or more xenograft leaflets is uncommon, early recog-
nition of such dysfunction is mandatory because rapid hemo-
dynamic deterioration may occur. Preliminary experience,
including our own, indicates that two-dimensional echo-
cardiography is capable of demonstrating systolic prolapse
of the affected leaflet into the left atrium in most patients.
Alam et al. (8) reported one false negative result in their
series of five patients with a flail porcine leaflet studied by
two-dimensional echocardiography. Negative echocardio-
graphic findings in the presence of leaflet degeneration may
be related to the degree of tissue disruption or failure to
angle the ultrasonic beam through the affected portion of
the valve. The use of multiple transducer locations and
imaging planes may improve the reliability of the technique.
Sewing ring dehiscence. Few data are available con-
cerning the application of two-dimensional echocardiog-
raphy in patients with bioprosthetic sewing ring dehiscence.
Echocardiographic documentation of erratic, rocking mo-
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tionof adehiscedporcinexenograftwasdescribedbyShapira
et al. (9). We have also observed such abnormal motion in
a patient with major anular detachment of a Carpentier-
Edwards prosthesis in the mitral position (16). The absence
of this motion pattern in our patient (Case 14) with a de-
hisced Ionescu-Shiley valvemay havebeen due to the nature
of the suture disruption, which was not severe enough to
produce the excessive rocking detectable by echocardiog-
raphy. Thus, two-dimensional echocardiography may be of
limited value in this type of disorder unless the degree of
dehiscence is extensive. The observation of erratic motion
of a normally functioning mitral xenograft valve in patients
with a giant left atrium further limits the usefulness of this
echographic finding (12).
Role of Doppler echocardiography. Preliminary ex-
perience indicates that pulsed or continuous wave Doppler
techniques may play an important role in the evaluation of
prosthetic valves. Several investigators have reported good
results with Doppler ultrasound for documenting the pres-
ence of peri- and intravalvular regurgitation (17), and es-
timating the degree of obstruction to flow across prosthetic
valves (17,18). Though not used in our study. the combi-
nation of Doppler and two-dimensional echocardiography
(duplex scanning) has the potential for providing a more
accurate assessment of bioprosthetic valve function than
does isolated two-dimensional echocardiography.
Clinical implications. The results of our study indicate
that two-dimensional echocardiography is a valuable pro-
cedure for assessing the functional status of the lonescu-
Shiley mitral bioprosthesis. The ability of this technique to
provide multiple tomographic views of the bioprosthesis,
thereby creating a composite image of the valve. signifi-
cantly increases the potential for identifying most of the
complications that may affect xenograft valves. We believe
that two-dimensional echocardiography has a significant
clinical role in the evaluation of patients with a mitral valve
bioprosthesis who develop symptoms consistent with
congestive heart failure, infectious endocarditis or embolic
events.
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